It is known that the dense part of any liquid metal consists of ramified clusters of almost regular tetrahedrons (triangular pyramids with atoms in their vertexes) that are connected into chains by faces. Any metal additive as a second component of liquid alloy can be both beyond these clusters as separated atoms and into them as inherent clusters. The liquid-metal alloy transfers into the second state, at the first eutectic of the solvent. This polymorphic transition of liquid matrix is discovered in the systems, Pb-K and Na-Pb, by molecular-dynamic simulating their microstructure and in experiments on scattering slow neutrons by these alloys of different compositions. In the first system, the obtained results identify both the homogeneous alloy at low concentrations of potassium in liquid lead and the alloy clustering, (Pb 4 K) n , at potassium concentrations following the eutectic, Pb 0.91 K 0.09 . In the second one at the concentrations of lead more than 2%, just the second state is discovered with the clusters, (Na 4 Pb) n . One can expect the same polymorphic transition in the eutectic, Na 0.93 Tl 0.07 , with the micro-inhomogeneity, (Na 6 Tl) n , and with the melting point of 64 C. This eutectic maintained by the oxygen-free technology and enriched by the isotope, 205 Tl, can become the best coolant for fast nuclear reactors due to the depressed chemical activity of sodium and composition stability.
Introduction
The liquid alkali metals and heavy metals are always characterized by existence of chemical compound clusters in their alloys [1] [2] . For example, the clusters, (Na 4 Pb) n and (NaPb) m , are being formed in liquid sodium by lead at 20 and 50 mol% respectively [2] . The first cluster is caused by the chemical compound, Na 15 Pb 4 , which manages the liquid-alloy microstructure on the sodium side of the phase diagram due to the strong polarity of these metals: sodium is the electropositive element and lead is the electronegative one. Therefore, the first gives away electron (Na + ) while the second accepts it (Pb − ) and serves as an oxidizer in liquid sodium.
If unifying their contrasts in the alloy after the first eutectic, we will obtain the liquid-metal coolant with components that fulfill differing technological functions: sodium provides the low corrosion activity of the eutectic and lead in the colloidal form inhibits the chemical activity of sodium right up to automatic shut-down its fire outdoors [3] [4].
Such polymorphic model seems most realistic for the liquid sodium alloy with any heavy metal [5] [6] [7] [8] . However some aspects of forming the colloidal alloy remain not quite understood and they require the analysis of phase diagrams in the neighborhood of the first eutectic of solvent. This knowledge can be useful for choosing the optimal eutectic modification of the sodium coolant for the fast nuclear reactors.
In this connection, it is reasonable to choose for sodium a polar additive which has the first eutectic in the concentration range of 1% -10%, for example, Na 0.93 Tl 0.07 , [9] with melting point of 64 C. Such liquid alloy enriched by the isotope, 205 Tl, can become attractive modification of sodium coolant maintained by oxygen-free technology for depressing its chemical activity. We will argue this choice in this paper.
On the other hand, one can verify the model of clustering the second component in the first eutectic of the basic component (solvent) by such analysis.
Polymorphic Transition of Liquid Alloy
The molecular-dynamic (MD) simulation shows that clustering the ions (Na + , Pb − ) in the alloy, Na-Pb, form the ramified percolation chain which is quickly being transformed in separate clusters [6] [8] [10] . At the same time, frequent (by period of ≤3 ps) recharging sodium particles (Na↔Na + ) only quickens the lead clustering (see Figure 1) but not changes the composition of these clusters, (Na 2 Pb) n in liquid sodium corresponding to the chemical compound, Na 15 Pb 4 .
These clusters are characterized by strong molecular bonds between the ions, Na + and Pb − , and by a quick decay of their oscillations that is caused by the exchange of sodium atoms between clusters and the liquid matrix.
Thus, one can prove the impurity clustering and explain the strong changes of the microstructure of liquid sodium by little lead additives using the bipolar model, Na + Na + + Pb − , in MD simulation of Na 0.98 Pb 0.02 liquid system with periodic recharging the nearest neighbors of solvent (Na ↔ Na + ). It turned out that the typical time of the colloidal formation in this alloy does not exceed 50 ps [10] .
In contrast to Na-Pb system, the liquid alloy of Pb-K does not contain such clusters, (Pb 4 K) n , when potassium concentration is less than 9% [5] [6] . In this been named an introduction solution [7] as opposed to the addition one when the alloy contain clusters, (Pb 4 K) n at the potassium concentration is more than proper clusters and the solution becomes colloidal (biphasic) for the second and homogeneous for the basic one (solvent) due to the quick exchange of its atoms between colloids and liquid matrix, i.e., they form the addition solution for the second component [7] .
Such solution in the liquid metal system, A 1-x B x , is arising in the first eutectic, x e1 , of the solvent, A. Indeed, the liquidus line, ( )
this eutectic is related to the introduction solution where the thermodynamic activity, 1 a , of the solvent is being defined by the equation [7] ( ) ( ) 
Such the approach allows also to have found the liquidus line, 
where ( ) Obviously, the intersection of lines of Equations ( (2) and (4)) defines the eutectic coordinate, x e1 , which characterizes the polymorphous transition of the liquid metal alloy [6] . In this transition point, the correlation radii, 1 R and 2 R (in relative units) that define representative regions of density and compound fluctuations respectively [13] differ sharply as a function of x shown in Figure 2 .
One can see that sharply falling in the eutectic point 
Non-Homogeneity of Liquid-Metal Eutectics
The contrasting properties of density and compound fluctuations (see Figure 2) are caused by the charge polarity of the alloy components: if one of them is electropositive, the other must be electronegative [4] [7] . Then, the first gives up an electron to the second for forming the colloidal particles, (A k B) n , of the chemical compound, A k B, in the liquid-metal alloy. They can so change the properties that the first alloy eutectic will become an attractive liquid-metal coolant because its components fulfill differing technological functions: one of them can reduce the corrosion activity of the eutectic alloy and the other can inhibit its chemical activity. In addition, the boiling temperature of the alloy can be increased by the addition of high-boiling metal, for example, lead in liquid sodium [3] . The phase diagram of this system is shown in Figure 3 where the red dotted line is obtained using the equation (4) , for clusters (Na 4 Pb) 3 .
Thus, the model of lead addition solution in liquid sodium good describes the liquidus line on the sodium side of the phase diagram of the system, Pb-Na.
Here, γ 2 ~ 4 × 10 −3 indicates to strong bond of sodium and lead atoms in this solution by forming clusters, (Na 4 Pb) 3 . From the value of γ 2 , one can estimate a possible increase of the eutectic boiling point, ∆T b , by equation Figure 3 . The phase diagram for double system, Na 1-x Pb x [14] ; the red dotted curve of liquidus is obtained by (4) when γ 2 ~ 4 × 10 −3 for the addition solution of lead in liquid sodium; one can see that this curve is in the good agreement with the experimental data [14] .
that can amount to 150 K for the boiling point T b of sodium equal to 1156 K, the heat of its evaporation, ∆H e equal to 97.42 kJ/mol, and R = 8.31 J/mol⋅K as the gas constant [15] .
In the Pb 1-x K x system, the model (1) -(4) identifies both the homogeneous introduction solution at low concentrations of potassium in liquid lead and the clusters, (Pb 4 K) 3 , in the addition solution at potassium concentrations following the eutectic, Pb 0.91 K 0.09 . The phase diagram of this system is shown in Figure 4 where the red dotted lines for liquidus near the first eutectic are obtained by Equations ( (2) and (4) 
Modification of Sodium Coolant
As seen in Figure 5 , the double system, Na 1-x Tl x , has the first eutectic at x e1 = 0.071 [9] . Therefore, one can expect the same polymorphic transition of liquid alloy in this eutectic by forming the micro-inhomogeneity, (Na 6 Tl) n , at the melting point of 337 K. This concept is checked by calculating the liquidus of this system (red dotted lines in Figure 5 ) near the eutectic, Na 0.93 Tl 0.07 , obtained by Equations ( (2) and (4) Using (5) for this very small value of γ 2 , one can estimate the increase of the eutectic boiling point, T b , up to 1350 K. Then, this eutectic maintained by the oxygen-free technology and enriched by the isotope, 205 Tl, can become the best high-boiling coolant for the fast nuclear reactors having low chemical activity [4] [17].
Conclusions
It turned out that one can describe the liquidus near the first eutectic of the solvent in double systems of polar liquid metals as a solidification of two solutions (introduction and addition) on both branches of this eutectic respectively. The introduction solution is homogeneous and impurity atoms turn out introduced into the liquid matrix of the solvent.
In the eutectic and after, these atoms become the inherent elements of the liquid dense part and the alloy becomes colloidal (biphasic) for the impurity and 
